2 )UK Patent Application <1 9 >GB <u>2 290328 ( i 3 >A 

(43) Date of A Publication 20.12.1995 



(21) Application No 9512177.8 

(22) Date of Filing 15.06.1995 

(30) Priority Data 

(31) 9412247 (32) 18.06.1994 (33) GB 



- (-71) Applicant(s) 

Cameo Drilling Group Limited 

(Incorporated in the United Kingdom) 

Hycalog, Oldends Lane Industrial Estate, 
STOREHOUSE, Gloucestershire. GL10 3RQ, 
United Kingdom 

(72) Inventoris) 

Terry Richard Matthias 
John Michael Fuller 
Nigel Dennis Griffin 



(51) INTCL 6 

E21B 10/46 

(52) UKCL(EditionN) 

E1F FGB F10B 

(56) Documents Cited 

GB 2283773 A GB 2283772 A US 4784023 A 

(58) Field of Search 

UK CL (Edition N ) B5E ECA , E1FFGA FGB FGC 
INTCL 6 E21B 



(74) Agent and/or Address for Service 
A R Davies & Co 

27 Imperial Square, CHELTENHAM, Gloucestershire, 
GLSO 1RO, United Kingdom 



(54) Improvements in or relating to elements faced with superhard material 

(57) A preform cutting element, for use on a rotary drill bit, includes a facing table 20 of polycrystalline 
diamond bonded to a tungsten carbide substrate (21), a cutting edge being formed by part of the peripheral 
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"Improvements in or relating to elements faced with superhard material" 

The invention relates to elements faced with superhard material, and particularly 
to preform cutting elements comprising a facing table of superhard material having a 
front face, a peripheral surface, and a rear surface bonded to a substrate of material 
5 which is less hard than the superhard material. 

Preform elements of this kind are often used as cutting elements on rotary drag- 
type drill bits, and the present invention will be particularly described in relation to such 
use. However, the invention is not restricted to cutting elements for this particular use, 
and may relate to preform cutting elements for other purposes. For example, elements 
10 faced with superhard material, of the kind referred to, may also be employed in 
workpiece-shaping tools. 

Preform elements used as cutting elements in rotary drill bits usually have a 
facing table of polycrystalline diamond, although other superhard materials are available, 
such as cubic boron nitride and amorphous diamond-like carbon (ADLC). The substrate 
15 of less hard material is often formed from cemented tungsten carbide, and the facing 
table and substrate are bonded together during formation of the element in a high 
pressure, high temperature forming press. This forming process is well known and will 
not be described in detail. 

Each preform cutting element may be mounted on a carrier in the form of a 
20 generally cylindrical stud or post received in a socket in the body of the drill bit. The 
carrier is often formed from cemented tungsten carbide, the surface of the substrate 
being brazed to a surface on the carrier, for example by a process known as "LS 
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bonding". Alternatively, the substrate itself may be of sufficient thickness as to provide, 
in effect, a cylindrical stud which is sufficiently long to be directly received in a socket 
in the bit body, without being brazed to a carrier. The bit body itself may be machined 
from metal, usually steel, or may be moulded using a powder metallurgy process. 
5 Such cutting elements are subjected to extremes of temperature during formation 

and mounting on the bit body, and are also subjected to high temperatures and heavy 
loads when the drill is in use down a borehole. It is found that as a result of such 
conditions spalling and delamination of the superhard facing table can occur, that is to 
say the separation and loss of the diamond or other superhard material over the cutting 

1 0 surface of the table. 

This may also occur in preform elements used for other purposes, and 
particularly where the elements are subjected to repetitive percussive loads, as in tappets 
and cam mechanisms. 

Commonly, in preform elements of the above type the interface between the 

15 superhard table and the substrate has usually been flat and planar. However, particularly 
in cutting elements for drill bits, attempts have been made to improve the bond between 
the superhard facing table and the substrate by configuring the rear face of the facing 
table so as to provide a degree of mechanical interlocking between the facing table and 
substrate. 

2 0 One such arrangement is shown in U.S. Patent Specification No. 5 12327 where 

the rear surface of the facing table is integrally formed with a plurality of identical spaced 
apart parallel ridges of constant depth. The facing table also includes a peripheral ring 
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of greater thickness, the extremities of the parallel ridges intersecting the surrounding 
ring. U.S. Specification No. 4784023 illustrates a similar arrangement but without the 
peripheral ring. 

The present invention relates to further developments in preform elements which 
5 may overcome at least some of the problems which arise with existing designs as well 
as providing other advantages. 

According to the invention there is provided a preform cutting element including 
a facing table of superhard material having a front face, a peripheral surface, and a rear 
surface bonded to a substrate which is less hard than the superhard material, a cutting 
10 edge forming part of the peripheral surface of the facing table, the rear surface of the 
facing table being formed with a plurality of spaced elongate ribs which project into the 
substrate, at least the majority of said ribs being located in the vicinity of said cutting 
edge. 

Said ribs may be substantially parallel, and preferably at least one end of each rib 
15 intersects the peripheral surface of the facing table at a location on said cutting edge. 

The ribs may be shaped, e.g. they may be arcuate, so that both ends of each rib 
intersect the peripheral surface of the facing table at a location on said cutting edge. 

Alternatively the ribs may be substantially straight and extend in directions 
transverse to said cutting edge. In this case the ribs may vary in length, being of 
20 maximum length in the region of the centre of the cutting edge and being of 
progressively shorter length with distance away from the centre of the cutting edge. 
In another embodiment, the ribs comprise an array of concentric endless ribs 
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located adjacent the cutting edge of the facing table, the outermost rib of the array 
preferably being substantially tangential to the cutting edge. The ribs may be 
substantially circular and of different depths. 

In a further embodiment, the ribs include a first array of spaced substantially 
5 straight ribs, one end of each rib intersecting the cutting edge and the other end of each 
rib intersecting the periphery of the facing table opposite the cutting edge, and a second 
array of shorter substantially straight ribs spaced between the ribs of the first array and 
having both ends thereof spaced inwardly from the periphery of the facing table. 

In any of the above arrangements one or more of said ribs may increase in depth 
1 0 and/or width as they extend towards the cutting edge. 

The following is a more detailed description of embodiments of the invention, 
reference being made to the accompanying drawings in which: 

Figure 1 is a side elevation of a typical drag-type drill bit in which cutting 
elements according to the present invention may be used, 
15 Figure 2 is an end elevation of the drill bit shown in Figure 1, 

Figure 3 is an underplan view, on an enlarged scale, of the superhard facing table 
of a preform cutting element in accordance with the invention, the substrate, which 
would normally be bonded to the underside of the facing table, being removed to show 
the configuration of the undersurface of the facing table, 
2 0 Figure 4 is a cross-section of a cutting element incorporating the facing table of 

Figure 3, 

Figure 5 is a cross-section of a modification of the cutting element of Figure 4, 
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and 

Figures 6-9 are similar views to Figure 3 of alternative arrangements. 
Figures 1 and 2 show a typical full bore drag-bit of a kind to which cutting 
elements of the present invention are applicable. The bit body 10 is machined from steel 
5 and has a shank formed with an externally threaded tapered pin 1 1 at one end for 
connection to the drill string. The operative end face 12 of the bit body is formed with 
a number of blades 13 radiating from the central area of the bit, and the blades carry 
cutter assemblies 14 spaced apart along the length thereof. The bit has a gauge section 
including kickers 16 which contact the walls of the borehole to stabilise the bit in the 
10 borehole. A central passage (not shown) in the bit and shank delivers drilling fluid 
through nozzles 17 in the end face 12 in known manner. 

Each cutter assembly 14 comprises a preform cutting element 1 8 mounted on a 
carrier 19 in the form of a post which is located in a socket in the bit body. Each 
preform cutting element is in the form of a circular tablet comprising a facing table of 
15 superhard material, usually polycrystalline diamond, bonded to a substrate which is 
normally of cemented tungsten carbide. The rear surface of the substrate is bonded, for 
example by LS bonding, to a suitably orientated surface on the post 19. 

One form of preform cutting element for a rotary drill bit, in accordance with the 
first aspect of the present invention, is shown in Figures 3 and 4. In this arrangement 
2 0 the cutting element is in the form of a circular tablet and comprises a front facing table 

20 of superhard material bonded in a high pressure, high temperature press to a substrate 

21 of less hard material. The facing table 20 may be of polycrystalline diamond and the 
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substrate of tungsten carbide. However other suitable materials may also be used. For 
example, other suitable superhard materials for the facing table are cubic boron nitride 
and amorphous diamond-like carbon (ADLC). The methods of forming such elements 
are -well-known and will not be described in detail. 
5 Figure 3 shows the rear surface of the facing table 20 with the substrate 21 

removed to show the configuration of the rear surface of the feeing table. As may be 
seen from Figure 3, the rear surface is integrally formed with a plurality of spaced 
arcuate ribs 22. The opposite ends of each arcuate rib intersect the peripheral surface 
23 of the facing table around a portion of the periphery thereof. The portion of the 
1 0 periphery of the facing table intersected by the ribs 22 defines the cutting edge of the 
preform element. 

As shown in Figure 4, the ribs 22 may be of constant width and project into the 
substrate 21 to a substantially constant depth. Alternatively, as shown in Figure 5, the 
ribs, indicated at 22' in Figure 5, may project into the substrate 21 to different depths, 

15 the depth decreasing with distance from the cutting edge. 

Figure 6 is a similar view to Figure 3 of the rear surface of the facing table 24 of 
a cutting element, showing an alternative embodiment of the invention. In this case the 
rear surface of the facing table 24 is integrally formed with a concentric array of four or 
more generally circular ribs 25. 

2 0 The array of ribs is located adjacent the cutting edge 26 of the facing table and 

the outermost rib of the array is substantially tangential to the cutting edge 26. As in the 
previous arrangement, the ribs 25 may be of substantially constant depth or may vary in 
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depth. For example, the ribs may increase in depth with increasing diameter, or may 

decrease in depth with increasing diameter. 

In the arrangement shown in Figure 7, the facing table 27 of the cutting element 

is integrally formed with a plurality of substantially straight parallel ribs 28. One end of 
5 each rib 28 intersects the peripheral surface of the facing table 27 at a location on the 

cutting edge 29. The central rib 28a of the array is the longest rib and the other ribs 

progressively decrease in length with distance from the mid-point of the cutting edge 29. 
In the arrangement of Figure 8, the rear surface of the facing table 30 of the 

cutting element is again formed with an array of generally parallel ribs 31, one end of 
10 each rib intersecting the cutting edge 32 of the facing table. In this case, however, each 

rib increases in width as it extends from the interior of the facing table 30 towards the 

cutting edge 32. The interior ends of the ribs 3 1 lie along a substantially straight line, 

so that, as in the previous arrangement, the actual overall length of the ribs decreases 

with distance from the mid-point of the cutting edge 32. 
15 Figure 9 shows a further arrangement, and in this case the rear surface of the 

facing table 33 is integrally formed with a first array of spaced parallel straight ribs 34. 

One end of each rib 34 intersects the cutting edge 35 of the facing table, and the ribs 

extend across the full width of the facing table so as also to intersect the periphery of the 

facing table opposite the cutting edge 35. 
20 The facing table is also formed with a second array of shorter straight parallel 

ribs 36 which are evenly spaced between the ribs 34 of the first array. Both ends of each 

rib 36 are spaced inwardly from the periphery of the facing table 33. 
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All of the above arrangements serve to increase the mechanical interlock between 
the facing table and the substrate in the vicinity of the cutting edge of the cutting 
element, and thus tend to inhibit spalling or delamination of the facing table from the 
substrate. The arrangement may also assist in strengthening the cutting element at the 
5 cutting edge against wear and impact damage. Also, as a wear flat develops at the 
cutting edge, the intersection of the ribs with the cutting edge provides projections of 
superhard material which may tend to enhance the cutting effect of the cutting element 
on the formation being cut. 

In all of the described arrangements the ribs may be parallel-sided or may vary 

10 in width along their length. The ribs may also vary in depth along their length and 
different ribs may be of different depths. Generally speaking, however, the ribs are 
preferably generally deeper towards the periphery of the cutting element so as to provide 
improved locking between the front facing table and the substrate near the periphery of 
the element. The ribs may be parallel-sided in cross section, with a rounded lower edge, 

15 as shown in Figures 4 and 5, or they may be tapered inwardly or outwardly as they 
extend into the substrate from the rear surface of the facing table. 

In any of the arrangements in accordance with the invention a transition layer 
may be provided between the facing table and the substrate. The transition layer may, 
for example, comprise polycrystalb'ne diamond particles embedded in a tungsten carbide 

20 matrix. 
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CLAIMS 

1 . A preform cutting element including a facing table of superhard material having 
a front face, a peripheral surface, and a rear surface bonded to a substrate which is less 
hard than the superhard material, a cutting edge forming part of the peripheral surface 

5 of the facing table, the rear surface of the facing table being formed with a plurality of 
spaced elongate ribs which project into the substrate, at least the majority of said ribs 
being located in the vicinity of said cutting edge. 

2. A preform cutting element according to Claim 1, wherein said ribs are 
substantially parallel. 

10 3. A preform cutting element according to Claim 1 or Claim 2, wherein at least one 
end of each rib intersects the peripheral surface of the facing table at a location on said 
cutting edge. 

4. A preform cutting element according to Claim 3, wherein said ribs are shaped so 
that both ends of each rib intersect the peripheral surface of the facing table at a location 

15 on said cutting edge. 

5. A preform cutting element according to Claim 4, wherein each rib is arcuate. 

6. A preform cutting element according to any of Claims 1-3, wherein said ribs are 
substantially straight and extend in directions transverse to said cutting edge. 

7. A preform cutting element according to Claim 6, wherein said ribs vary in length, 
2 0 being of maximum length in the region of the centre of the cutting edge and being of 

progressively shorter length with distance away from the centre of the cutting edge. 

8. A preform cutting element according to Claim 1, wherein said ribs comprise an 
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array of concentric endless ribs located adjacent the cutting edge of the facing table. 

9. A preform cutting element according to Claim 8, wherein the outermost rib of 
the array is substantially tangential to the cutting edge. 

10. A preform cutting element according to Claim 8 or Claim 9, wherein said ribs are 
5 substantially circular. 

11. A preform cutting element according to Claims 8-10, wherein said ribs are of 
different depths. 

12. A preform cutting element according to Claim 1, wherein said ribs include a first 
array of spaced substantially straight ribs, one end of each rib intersecting the cutting 

1 0 edge and the other end of each rib intersecting the periphery of the facing table opposite 
the cutting edge, and a second array of shorter substantially straight ribs spaced between 
the ribs of the first array and having both ends thereof spaced inwardly from the 
periphery of the facing table. 

13. A preform cutting element according to any of Claims 1-12, wherein at least one 
15 of said ribs increases in depth as it extends towards the cutting edge. 

14. A preform cutting element according to any of Claims 1-13, wherein at least one 
of said ribs increases in width as it extends towards the cutting edge. 

15. A preform cutting element substantially as hereinbefore described with reference 
to any of Figures 3-9 of the accompanying drawings. 
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